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(54) Noiseless dispersion electroluminescent device and switch unit using same 



(57) An dispersion electroluminescent device and a 
switch unit using the same are disclosed. The disper- 
sion electroluminescent device includes three elec- 
trodes: first and second electrode layers and a common 
electrode layer. The common electrode layer is dis- 
posed between the first and second electrode layers. An 
electroluminescent layer and a first dielectric layer are 
disposed between the first electrode layer and the com- 
mon electrode layer. A second dielectric layer is dis- 
posed between the common electrode layer and the 

30 




second electrode layer. A voltage source applies first 
and second ac or dc pulse voltages, which are 180° out 
of phase with each other, across the first electrode layer 
and the common electrode layer and across the com- 
mon electrode layer and the second electrode layer, 
respectively, for canceling mechanical vibrations pro- 
duced at the first and second dielectric layers by each 
other. 
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Description 

BACKGROUND OF THE INVENTION 

1 Technical Field s 

The present invention relates generally to a noise- 
less dispersion electroluminescent device which may be 
employed in illumination of an input unit of a variety of 
electronic equipment and a switch unit using the same. 

2 Background of Related Art 

Fig. 10 shows a conventional dispersion electrolu- 
minescent (EL) device. Fig. 1 1 shows a conventional 
illuminated switch unit using the EL device. 

The EL device 1 in Fig. 10 includes a laminated 
multi-layer having a thickness of approximately 0.3mm 
consisting of an insulating substrate 2 made of a trans- 
parent resin film of approximately 100^m thick, a trans- 
parent electrode layer 3, a luminescent layer 4, a 
dielectric layer 5, a back electrode layer 6, and an insu- 
lating layer 7. 

In operation, when ac voltage or dc pulse voltage is 
applied across the transparent electrode layer 3 and the 
back electrode layer 6 through a driver (not shown), it 
will cause the light to be emitted outward through the 
insulating substance 2. 

The switch unit 8, as shown in Fig. 11, includes a 
membrane switch 14, the EL device 1 , a spacer 18, and 
a front sheet 1 7. 

The membrane switch 1 4 includes an upper insulat- 
ing plate 9, a spacer 13, and a lower insulating plate 1 1 . 
The upper insulating plate 13 is made of a resin film 
having a thickness of approximately 100|am and has 
printed on its back surface moving contacts 10. Simi- 
larly, the lower insulating plate 1 1 is made of a resin film 
and has printed on its front surface stationary contacts 
12. The moving contacts 10 and the stationary contacts 
12 are separated at a given gap through the spacer 13 
secured between the upper and lower insulating plates 
9 and 1 1 with adhesive. 

The EL device 1 is disposed on the membrane 
switch 14. The front sheet 17 made of a transparent 
resin film is disposed on the EL device 1 through the 
spacer 13 whose both surfaces are applied with adhe- 
sive. Push buttons 15 made with a transparent or semi- 
transparent resin casting are attached to the back sur- 
face of the front sheet 1 7 through an adhesive member 
16. 

In operation, the switch unit 18 is turned on by 
depressing the push button 15 through the front sheet 
1 7 to press a portion of the EL device 1 so that the mov- 
ing contacts 10 attached to the upper insulating plate 9 
are brought into contact with the stationary contacts 12 
attached to the lower insulating plate 1 1 . 

The above EL device 1 and the switching unit 8 
however have the following drawback. When the ac volt- 
age or dc pulse voltage is applied across the transpar- 



ent electrode layer 3 and the back electrode layer 6 to 
activate the EL device 1 , it will cause the EL device 1 to 
produce mechanical vibrations due to the piezoelectric 
effect of barium titanate (BaTi0 3 ) contained in the lumi- 
nescent layer 4 and the dielectric layer 5, which are in 
turn, transmitted as noise through a structure in contact 
with the EL device 1 to an operator and which may inter- 
fere with radio communication, for example, in a porta- 
ble telephone or a cordless telephone, leading to 
difficulty in hearing voice from a calling party. 

The switching unit 8 also has the disadvantage that 
non-uniform light may emerge from the front sheet 1 7 of 
the EL device 1 due to partial deformation of the push 
button 1 5 and the spacer 1 8 when depressed to turn on 
the switching unit 8. A total thickness of the EL device 1 
and the upper insulating plate 9 of the membrane switch 
14 is as much as approximately 0.4mm, therefore, much 
depression force is required to flex the EL device 1 and 
the upper insulating plate 9 to make contact between 
the moving contacts 10 and the stationary contacts 12. 
In order to avoid this drawback, increasing a flexible 
area, however, results in an increased overall size of the 
switch unit 8. Further, it is difficult to thin the switching 
unit 8 because of complexity of the structure. 

SUMMARY OF THE INVENTION 

It is therefore a principal object of the present inven- 
tion to avoid the disadvantages of the prior art. 

It is another object of the present invention to pro- 
vide a noiseless and compact electroluminescent 
device designed to provide uniform illumination and a 
switching unit using the same. 

According to one aspect of the present invention, 
there is provided a dispersion electroluminescent 
device which comprises: (a) an elastic transparent insu- 
lating substrate; (b) a transparent electrode layer 
formed on a back surface of the elastic transparent insu- 
lating substrate; (c) an electroluminescent layer formed 
on the transparent electrode layer; (d) a first dielectric 
layer formed on the electroluminescent layer; (e) a first 
back electrode layer formed on the first dielectric layer; 
(f) a first insulating layer formed on the first back elec- 
trode layer; (g) a second dielectric layer formed on the 
first insulating layer; (h) a second back electrode layer 
formed on the second dielectric layer; (i) a second insu- 
lating layer formed on the second back electrode layer; 
and G) a voltage source circuit applying a first voltage 
having a given frequency across the first back electrode 
layer and the transparent electrode layer and a second 
voltage having the given frequency across the first back 
electrode layer and the second back electrode layer, the 
first voltage being 180° out of phase with the second 
voltage. 

In the preferred mode of the invention, the first and 
second voltage are ac voltage. The first and second 
voltage may alternatively be dc pulse voltage. 

An insulating layer is further disposed at one of a 
first location between the transparent electrode layer 
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and the electroluminescent layer, a second location 
between the electroluminescent layer and the first die- 
lectric layer, and a third location between the first dielec- 
tric layer and the first back electrode layer. 

According to a second aspect of the invention, 
there is provided a switch unit which comprises: (a) an 
electroluminescent device including (1) an elastic trans- 
parent insulating substrate, (2) a transparent electrode 
layer formed on the elastic transparent insulating sub- 
strate, (3) an electroluminescent layer formed on the 
transparent electrode layer, (4) a first dielectric layer 
formed on the electroluminescent layer, (5) a first back 
electrode layer formed on the first dielectric layer, (6) a 
first insulating layer formed on the first back electrode 
■ayer, (7) a second dielectric layer formed on the first 
insulating layer, (8) a second back electrode layer 
formed on the second dielectric layer, (9) a second insu- 
lating layer formed on the second back electrode layer, 
and (10) a voltage source circuit applying a first voltage 
having a given frequency across the first back electrode 
layer and the transparent electrode layer and a second 
voltage having the given frequency across the first back 
electrode layer and the second back electrode layer, the 
first voltage being 180° out of phase with the second 
voltage; (b) an insulating substrate; (c) a stationary con- 
tact disposed on the insulating substrate; (d) a moving 
contact disposed at a given interval away from the sta- 
tionary contact on a lower surface of the second insulat- 
ing layer opposite to an upper surface on which the 
second back electrode layer is formed; and (e) a spacer 
disposed between the second insulating layer and the 
insulating substrate, the spacer having an opening to 
expose the moving contact to the stationary contact. 

In the preferred mode of the invention, a protrusion 
is further provided which extends from the lower surface 
of the second insulating layer toward the insulating sub- 
strate. The protrusion has disposed thereon the moving 
contact so as to face the stationary contact. 

The protrusion is formed with an insulating resin 
printed on the lower surface of the second insulating 
layer. 

The protrusion may be formed with a portion of the 
electroluminescent device recessed toward the insulat- 
ing substrate. 

A diaphragm spring is further provided which is 
made of a transparent resin and disposed over the elas- 
tic transparent insulating substrate of the electrolumi- 
nescent device. The diaphragm spring is curved 
outward so as to deform by depression to make contact 
between the stationary contact and the moving contact. 

According to a third aspect of the invention, there is 
provided a switch unit which comprise: (a) an electrolu- 
minescent device including (1) an elastic transparent 
insulating substrate, (2) a transparent electrode layer 
formed on the elastic transparent insulating substrate, 
(3) an electroluminescent layer formed on the transpar- 
ent electrode layer, (4) a first dielectric layer formed on 
the electroluminescent layer, (5) a first back electrode 
layer formed on the first dielectric layer, (6) a first insu- 



lating layer formed on the first back electrode layer, (7) 
a second dielectric layer formed on the first insulating 
layer, (8) a second back electrode layer formed on the 
second dielectric layer, (9) a second insulating layer 

5 formed on the second back electrode layer, and (10) a 
voltage source circuit applying a first voltage having a 
given frequency across the first back electrode layer 
and the transparent electrode layer and a second volt- 
age having the given frequency across the first back 

w electrode layer and the second back electrode layer, the 
first voltage being 180° out of phase with the second 
voltage; (b) an insulating substrate; (c) a spacer dis- 
posed between the second insulating layer and the 
insulating substrate, the spacer having an opening 

is defined between the second insulating layer and the 
insulating substrate; (d) a first stationary contact dis- 
posed on the insulating substrate within the opening of 
the spacer; (e) a second stationary contact disposed on 
the insulating substrate at a given interval away from the 

20 stationary contact within the opening of the spacer; (f) a 
moving contact made of a metallic flexible curved plate, 
disposed within the opening of the spacer, the moving 
contact being connected to the first stationary contact, 
extending across the second stationary contact; and (g) 

25 a protrusion member formed on the second insulating 
layer of the electroluminescent device in engagement 
with a portion of the moving contact in alignment with 
the second stationary contact so that depressing the 
protrusion through the electroluminescent device 

3 o makes contact between the first and second stationary 
contacts. 

According to a fourth aspect of the invention, there 
is provided a dispersion electroluminescent device 
which comprises: (a) an elastic transparent insulating 

35 substrate; (b) a transparent electrode layer formed on a 
back surface of the elastic transparent insulating sub- 
strate; (c) an electroluminescent layer formed on the 
transparent electrode layer; (d) a first dielectric layer 
formed on the electroluminescent layer; (e) a first back 

40 electrode layer formed on the first dielectric layer; (f) a 
second dielectric layer formed on the first back elec- 
trode; (g) a second back electrode layer formed on the 
second dielectric layer; (h) an insulating layer formed on 
the second back electrode layer; and (i) a voltage 

45 source circuit applying a first voltage having a given fre- 
quency across the first back electrode layer and the 
transparent electrode layer and a second voltage having 
the given frequency across the first back electrode layer 
and the second back electrode layer, the first voltage 

so being 1 80° out of phase with the second voltage. 

In the preferred mode of the invention, an insulating 
layer is further disposed at one of a first location 
between the transparent electrode layer and the electro- 
luminescent layer, a second location between the elec- 

55 troluminescent layer and the first dielectric layer, and a 
third location between the first dielectric layer and the 
first back electrode layer. 

According to a fifth aspect of the invention, there is 
provided a switch unit which comprises: (a) a dispersion 
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electroluminescent device including (1) an elastic trans- 
parent insulating substrate, (2) a transparent electrode 
layer formed on a back surface of the elastic transparent 
insulating substrate, (3) an electroluminescent layer 
formed on the transparent electrode layer, (4) a first die- 5 
lectric layer formed on the electroluminescent layer, (5) 
a first back electrode layer formed on the first dielectric 
layer, (6) a second dielectric layer formed on the first 
back electrode, (7) a second back electrode layer 
formed on the second dielectric layer, (8) an insulating 10 
layer formed on the second back electrode layer, and (9) 
a voltage source circuit applying a first voltage having a 
given frequency across the first back electrode layer 
and the transparent electrode layer and a second volt- 
age having the given frequency across the first back 75 
electrode layer and the second back electrode layer, the 
first voltage being 180° out of phase with the second 
voltage; (b) an insulating substrate; (c) a stationary con- 
tact disposed on the insulating substrate; (d) a moving 
contact disposed at a given interval away from the sta- 20 
tionary contact on a lower surface of the second insulat- 
ing layer opposite to an upper surface on which the 
second back electrode layer is formed; and (e) a spacer 
disposed between the insulating layer of the electrolu- 
minescent device and the insulating substrate, the 2 s 
spacer having an opening to expose the moving contact 
to the stationary contact. 

In the preferred mode of the invention, a protrusion 
is further provided which extends from the lower surface 
of the insulating layer toward the insulating substrate. 30 
The protrusion has disposed thereon the moving con- 
tact so as to face the stationary contact. 

The protrusion is formed with an insulating resin 
printed on the lower surface of the insulating layer. 

The protrusion may alternatively be formed with a 35 
portion of the electroluminescent device recessed 
toward the insulating substrate. 

A diaphragm spring is further provided which is 
made of a transparent resin and disposed over the elas- 
tic transparent insulating substrate of the electrolumi- 40 
nescent device. The diaphragm spring is curved 
outward so as to deform by depression to make contact 
between the stationary contact and the moving contact. 

According to the sixth aspect of the invention, there 
is provided a switch unit which comprises: (a) an elec- 45 
troluminescent device including (1) an elastic transpar- 
ent insulating substrate, (2) a transparent electrode 
layer formed on a back surface of the elastic transparent 
insulating substrate, (3) an electroluminescent layer 
formed on the transparent electrode layer, (4) a first die- so 
lectric layer formed on the electroluminescent layer, (5) 
a first back electrode layer formed on the first dielectric 
layer, (6) a second dielectric layer formed on the first 
back electrode, (7) a second back electrode layer 
formed on the second dielectric layer, (8) an insulating 55 
layer formed on the second back electrode layer, and (9) 
a voltage source circuit applying a first voltage having a 
given frequency across the first back electrode layer 
and the transparent electrode layer and a second volt- 



age having the given frequency across the first back 
electrode layer and the second back electrode layer, the 
first voltage being 180° out of phase with the second 
voltage; (b) an insulating substrate; (c) a spacer dis- 
posed between the insulating layer and the insulating 
substrate, the spacer having an opening defined 
between the insulating layer and the insulating sub- 
strate; (d) a first stationary contact disposed on the 
insulating substrate within the opening of the spacer; (e) 
a second stationary contact disposed on the insulating 
substrate at a given interval away from the first station- 
ary contact within the opening of the spacer; (f) a mov- 
ing contact made of a metallic flexible curved plate, 
disposed within the opening of the spacer, the moving 
contact being connected to the first stationary contact, 
extending across the second stationary contact; and (g) 
a protrusion member formed on the insulating layer of 
the electroluminescent device in engagement with a 
portion of the moving contact in alignment with the sec- 
ond stationary contact so that depressing the protrusion 
through the electroluminescent device makes contact 
between the first and second stationary contacts. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be understood more fully 
from the detailed description given hereinbelow and 
from the accompanying drawings of the preferred 
embodiment of the invention, which, however, should 
not be taken to limit the invention to the specific embod- 
iment but are for explanation and understanding only. 

In the drawings: 

Fig. 1 is a cross-sectional view which shows an 
electroluminescent device according to the first 
embodiment of the invention; 
Fig. 2 is an explanatory view which shows an oper- 
ation of the electroluminescent device of Fig. 1 ; 
Fig. 3 is a cross-sectional view which shows a 
switch unit using the electroluminescent device of 
Fig. 1 ; 

Fig. 4 is a cross-sectional view which shows a mod- 
ification of a switch unit using the electrolumines- 
cent device of Fig. 1 ; 

Fig. 5 is a cross-sectional view which shows a sec- 
ond modification of a switch unit using the electrolu- 
minescent device of Fig. 1 ; 
Fig. 6 is a cross-sectional view which shows a third 
modification of a switch unit using the electrolumi- 
nescent device of Fig. 1 ; 

Fig. 7 is a cross-sectional view which shows a 
fourth modification of a switch unit using the elec- 
troluminescent device of Fig. 1 ; 
Fig. 8 is a cross-sectional view which shows a mod- 
ification of an electroluminescent device; 
Fig. 9 is a cross-sectional view which shows a sec- 
ond modification of an electroluminescent device; 
Fig. 10 is a cross-sectional view which shows a 
conventional electroluminescent device; and 
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Fig. 11 is a cross-sectional view which shows a 
conventional switch unit using the electrolumines- 
cent device of Fig. 10. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to the drawings, particularly to Figs. 
1 and 2, there is shown a dispersion electroluminescent 
(EL) device 28 according to the first embodiment of the 
invention. 

The EL device 28 has a total thickness of approxi- 
mately 0.3mm and includes an upper insulating sub- 
strate 19, a transparent electrode layer 20, an 
electroluminescent layer 21 , a first dielectric layer 22, a 
first back electrode layer 23, a first insulating layer 24, a 
second dielectric layer 25, a second back electrode 
layer 26, and a second insulating layer 27. 

The upper insulating substrate 19 is made of an 
elastic transparent resin film having a thickness of 
approximately 80^m. The transparent electrode layer 
20 is printed on a lower surface of the upper insulating 
substrate 1 9 using a dispersion transparent paste made 
of a transparent insulating resin over which an indium 
oxide powder is distributed finely. The electrolumines- 
cent layer 21 is printed or formed on a lower surface of 
the transparent electrode layer 20 using a binder resin 
paste over which a zinc sulfide fluorescent powder is 
stirred and distributed. The first dielectric layer 22 is 
printed on the lower surface of the electroluminescent 
layer 21 using a binder resin paste over which a barium 
titanate powder is stirred and distributed. The first back 
electrode layer 23 is printed on a lower surface of the 
first dielectric layer 22 using a carbon resin paste. The 
first insulating layer 24 is printed on a lower surface of 
the first back electrode layer 23 using vinyl acetate-vinyl 
chloride copolymer insulating resist (hereinafter, 
referred to as an insulating resist). The second dielectric 
layer 25 is printed on a lower surface of the first insulat- 
ing layer 24 using a binder resin paste over which a bar- 
ium titanate powder is stirred and distributed. The 
second back electrode layer 26 is printed on a lower 
surface of the second dielectric layer 25 using a carbon 
resin paste. The second insulating layer 27 is printed on 
a lower surface of the second back electrode layer 26 
using the insulating resist. 

In operation, the first back electrode layer 23 serves 
as a common electrode. The application of ac voltages, 
which are 180° out of phase with each other, across the 
first back electrode layer 23 and the transparent elec- 
trode layer 20 and across the first back electrode layer 
23 and the second back electrode layer 26 through a 
driver circuit 29 causes the EL device 28 to emit light 
through the upper insulating substrate 19. 

The application of the ac voltages to the transpar- 
ent electrode layer 20 and the second back electrode 
layer 26 will induce, as discussed in the introductory 
part of this application, the piezoelectric effect of barium 
titanate contained in the luminescent layer 21, the first 
dielectric layer 22, and the second dielectric layer 25. 



The piezoelectric effect in the luminescent layer 21 and 
the first dielectric layer 22 causes a mechanical vibra- 
tion 30 to be produced. Similarly, the piezoelectric effect 
in the second dielectric layer 25 causes a mechanical 

5 vibration 31 to be produced. The mechanical vibration 
30 is, as clearly shown in the drawing, 180° out of phase 
with the mechanical vibration 31, so that they are can- 
celed by one another to reduce the level of sound pres- 
sure generated from the EL device 28. This realizes a 

10 noiseless EL device. Further, the EL device 28 is, as 
described above, 0.3mm in thickness and provides 
good flexibility when used with a switch unit. 

The above described vibration reduction effect of 
the EL device 28 may also be achieved by using dc 

is pulse voltages instead of the ac voltages provided by 
the drive circuit 29. 

Fig. 3 shows an illuminated switch unit 32 according 
to the second embodiment which uses the EL device 28 
as shown in Figs. 1 and 2. 

20 The switch unit 32 also includes a spacer 37, a 
moving contact 33, a stationary contact 35, and a lower 
insulating substrate 34. The moving contact 33 is 
printed on a lower surface of the second insulating layer 
27 of the EL device 28 using a conductive paste such as 

25 a silver or carbon resin paste. The stationary contact 35 
is printed on an upper surface of the lower insulating 
substrate 34. The spacer 37 is formed with a resin film 
having applied on its both surfaces adhesive and bonds 
the EL device 28 and the lower insulating substrate 34 

30 together. The spacer 37 has an opening 36 which 
expose the moving contact 33 to the stationary contact 
35 at a given interval away from each other. 

In operation, depressing a portion of the upper sur- 
face of the EL device 28 opposed to the moving contact 

35 33 causes the moving contact 33 to be brought into con- 
tact with the stationary contact 35 to establish electric 
communication therebetween. 

The structure of the switch unit 32 eliminates the 
need for a member disturbing light transmission to be 

40 disposed on the EL device 28, thus resulting in uniform 
illumination through the EL device 28. Further, the EL 
device 28 is, as described above, 0.3mm in thickness 
and provides good flexibility allowing the moving and 
stationary contacts 33 and 35 to make contact with a 

45 few ounces of pressure. 

Fig. 4 shows a switch unit 32 according to the third 
embodiment of the invention. The same reference 
number as employed in the above embodiments refer to 
the same parts, and explanation thereof in detail will be 

50 omitted here. 

The switch unit 32 of this embodiment includes a 
protrusion 38 which is made of epoxy resin and printed 
on the lower surface of the second insulating layer 27 of 
the EL device 28. The protrusion 38 has substantially a 

55 flat surface greater in area than the moving contact 39 
on which the moving contact 38 is disposed at a given 
interval away from the stationary contact 35 formed on 
the upper surface of the lower insulating substrate 34. 
With these arrangements, easier adjustment of a 
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stroke of the moving contact 39 in a switching operation 
than the second embodiment is achieved. The protru- 
sion 38 performs substantially the same function as that 
of the push button 15 of the conventional switch unit 
shown in Fig. 1 1 . Specifically, the protrusion 38 ensures 5 
electric communication between the moving contact 39 
and the stationary contact 35 even when a depressed 
portion of the upper surface of the EL device 28 is 
slightly shifted from a correct position. 

Fig. 5 shows a switching unit 40 according to the 
fourth embodiment of the invention which uses the EL 
device 28 of the first embodiment. 

The switching unit 40 also includes a spacer 49, a 
protrusion 47, a switch assembly 46, and a lower insu- 
lating substrate 41 . 

The spacer 49 is formed with a resin film having 
applied on its both surfaces adhesive and bonds the 
second insulating layer 27 of the EL device 28 and the 
lower insulating substrate 41 together. The spacer 49 
has an opening 48 within which the switching assembly 
46 is disposed. 

The protrusion 47 is formed on the lower surface of 
the second insulating layer 27 of the EL device 28 using 
epoxy resin and functions as a push button. 

The switching assembly 46 includes a stationary 
contact 42, a diaphragm moving contact 44, and a sta- 
tionary contact 43. The stationary contact 42 is made of 
a conductive paper-base phenolic resin and formed on 
the lower insulating substrate 41 in a C-shape. The sta- 
tionary contact 43 is made of a conductive disc member 
and disposed inside the stationary contact 42 on the 
lower insulating substrate 41. The diaphragm moving 
contact 44 is formed with a dome-shaped metallic 
spring made of phosphor bronze or stainless steel and 
projects upwards, as viewed in the drawing, in constant 
engagement with the protrusion 47 with both ends 
being attached to the stationary contact 42 using an 
adhesive tape 45. 

In operation, depressing a portion of the upper sur- 
face of the EL device 28 opposed to the protrusion 47 
flexes the diaphragm moving contact 44 downward, as 
viewed in the drawing, into contact with the stationary 
contact 43 to establish electric communication of the 
stationary contact 43 with the stationary contacts 42. 

The structure of this embodiment gives an operator 
a moderate switching reaction against depression of the 
protrusion 47. 

Fig. 6 shows a switching unit according to the fifth 
embodiment of the invention which is a modification of 
the one shown in Fig. 4. 

The switching unit of this embodiment includes a 
diaphragm spring 50 and a spacer 51. The diaphragm 
spring 50 leads from a flat plate 52 and is made by ther- 
mally drawing a 100^m-thick transparent resin film into 
a dome-shape. The spacer 51 is made of a 1 00|um-thick 
transparent resin film and has an opening 61. The 
spacer 51 has applied on its both surfaces adhesive and 
bonds the flat surface 52 and the EL device 20 together 
so that the top of the diaphragm spring 50 is aligned 



with the moving and stationary contacts 39 and 35. 

The structure of this embodiment, as described 
above, has disposed on the EL device 28 the spacer 51 
and the diaphragm spring 50, however, these are made 
of transparent films, respectively and do not disturb illu- 
mination of the EL device 28. 

Fig. 7 shows a switch unit according to the sixth 
embodiment of the invention which is a modification of 
the one shown in Fig. 4 different only in structure of the 
EL device 28. 

The EL device 28 is, as clearly shown in the draw- 
ing, thermally pressed to form a recessed portion 53 
projecting inward. The moving contact 54 is printed 
using a silver or carbon resin conductive paste on a flat 
bottom surface of the recessed portion 53 facing the 
stationary contact 35. 

The structure of this embodiment, similar to the 
third embodiment, compensates for some degree of 
locational error in manual depression in a switching 
operation. 

Fig. 8 shows an EL device 55 according to the sev- 
enth embodiment which is different from the one shown 
in Fig. 1 only in that the first insulating layer 24 is dis- 
posed at the bottom of the EL device 55 instead of the 
second insulating layer 27. 

Specifically the second dielectric layer 25 is printed 
on the lower surface of the first back electrode layer 23. 
The second back electrode layer 26 is printed on the 
lower surface of the second dielectric layer 25. The first 
insulating layer 24 is printed on the lower surface of the 
second back electrode layer 26. The EL device 55 has a 
thickness of approximately 0.3mm. 

The EL device 55 is, as apparent from the above, 
smaller in number of insulating layers than the EL 
device 28 of the first embodiment by one, thus resulting 
in a decrease in production cost. 

The EL device 55 may be used in any of the switch 
units of the above embodiments. 

Fig. 9 shows an EL device 57 according to the ninth 
embodiment of the invention which is different from the 
one shown in Fig. 1 only in that a transparent insulating 
layer 56 is disposed between the transparent electrode 
layer 20 and the electroluminescent layer 21 . 

The transparent insulating layer 56 is made of a 
binder resin paste over which a barium titanate powder 
is stirred and distributed. 

The transparent insulating layer 56 may alterna- 
tively be disposed between the electroluminescent layer 
21 and the first dielectric layer 22 or between the first 
dielectric layer 22 and the first back electrode layer 23. 
The EL device 57 has a thickness of approximately 
0.3mm and may be used in any of the switch units of the 
above embodiments. These arrangements may be used 
with the EL device as shown in Fig. 8. 

The structure of this embodiment provides a high- 
withstand voltage that can be applied across the trans- 
parent electrode layer 20 and the first back electrode 
layer 23. 

While the present invention has been disclosed in 
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terms of the preferred embodiment in order to facilitate 
a better understanding thereof, it should be appreciated 
that the invention can be embodied in various ways 
without departing from the principle of the invention. 
Therefore, the invention should be understood to 5 
include all possible embodiments and modification to 
the shown embodiments which can be embodied with- 
out departing from the principle of the invention as set 
forth in the appended claims. 

An dispersion electroluminescent device and a 10 
switch unit using the same are disclosed. The disper- 
sion electroluminescent device includes three elec- 
trodes: first and second electrode layers and a common 
electrode layer. The common electrode layer is dis- 
posed between the first and second electrode layers. An 15 
electroluminescent layer and a first dielectric layer are 
disposed between the first electrode layer and the com- 
mon electrode layer. A second dielectric layer is dis- 
posed between the common electrode layer and the 
second electrode layer. A voltage source applies first 20 
and second ac or dc pulse voltages, which are 180° out 
of phase with each other, across the first electrode layer 
and the common electrode layer and across the com- 
mon electrode layer and the second electrode layer, 
respectively, for canceling mechanical vibrations pro- 25 
duced at the first and second dielectric layers by each 
other. 

Claims 

30 

1 . An electroluminescent device comprising: 

an elastic transparent insulating substrate; 
a transparent electrode layer formed on a back 
surface of said elastic transparent insulating 35 
substrate; 

an electroluminescent layer formed on said 
transparent electrode layer; 
a first dielectric layer formed on said electrolu- 
minescent layer; 40 
a first back electrode layer formed on said first 
dielectric layer; 

a first insulating layer formed on said first back 
electrode layer; 

a second dielectric layer formed on said first 45 
insulating layer; 

a second back electrode layer formed on said 
second dielectric layer; 

a second insulating layer formed on said sec- 
ond back electrode layer; and so 
a voltage source circuit applying a first voltage 
having a given frequency across said first back 
electrode layer and said transparent electrode 
layer and a second voltage having the given 
frequency across said first back electrode layer 55 
and said second back electrode layer, the first 
voltage being 180° out of phase with the sec- 
ond voltage. 



2. An electroluminescent device as set forth in claim 
1 , wherein the first and second voltage are ac volt- 
age. 

3. An electroluminescent device as set forth in claim 
1 , wherein the first and second voltage are dc pulse 
voltage. 

4. An electroluminescent device as set forth in claim 
1 , further comprising an insulating layer disposed at 
one of a first location between said transparent 
electrode layer and said electroluminescent layer, a 
second location between said electroluminescent 
layer and said first dielectric layer, and a third loca- 
tion between said first dielectric layer and said first 
back electrode layer. 

5. A switch unit comprising: 

an electroluminescent device including 

an elastic transparent insulating substrate, 
a transparent electrode layer formed on 
said elastic transparent insulating sub- 
strate, 

an electroluminescent layer formed on said 
transparent electrode layer, 
a first dielectric layer formed on said elec- 
troluminescent layer, 

a first back electrode layer formed on said 
first dielectric layer, 

a first insulating layer formed on said first 
back electrode layer, 

a second dielectric layer formed on said 
first insulating layer, 

a second back electrode layer formed on 
said second dielectric layer, 
a second insulating layer formed on said 
second back electrode layer, and 
a voltage source circuit applying a first volt- 
age having a given frequency across said 
first back electrode layer and said trans- 
parent electrode layer and a second volt- 
age having the given frequency across 
said first back electrode layer and said sec- 
ond back electrode layer, the first voltage 
being 180° out of phase with the second 
voltage; 

an insulating substrate; 

a stationary contact disposed on said insulat- 
ing substrate; 

a moving contact disposed at a given interval 
away from said stationary contact on a lower 
surface of said second insulating layer opposite 
to an upper surface on which said second back 
electrode layer is formed; and 
a spacer disposed between said second insu- 
lating layer and said insulating substrate, said 
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spacer having an opening to expose said mov- 
ing contact to said stationary contact. 

6. A switch unit as set forth in claim 5, further compris- 
ing a protrusion extending from the lower surface of s 
said second insulating layer toward said insulating 
substrate, said protrusion having disposed thereon 
said moving contact so as to face said stationary 
contact. 

10 

7. A switch unit as set forth in claim 5, wherein said 
protrusion is formed with an insulating resin printed 
on the lower surface of said second insulating layer. 

8. A switch unit as set forth in claim 5, wherein said 15 
protrusion is formed with a portion of said electrolu- 
minescent device recessed toward said insulating 
substrate. 

9. A switch unit as set forth in claim 5, further compris- 20 
ing a diaphragm spring made of a transparent resin, 
disposed over said elastic transparent insulating 
substrate of said electroluminescent device, said 
diaphragm spring being curved outward so as to 
deform by depression to make contact between 25 
said stationary contact and said moving contact. 

10. A switch unit comprising: 



an insulating substrate; 

a spacer disposed between said second insu- 
lating layer and said insulating substrate, said 
spacer having an opening defined between 
said second insulating layer and said insulating 
substrate; 

a first stationary contact disposed on said insu- 
lating substrate within the opening of said 
spacer; 

a second stationary contact disposed on said 
insulating substrate at a given interval away 
from said stationary contact within the opening 
of said spacer; 

a moving contact made of a metallic flexible 
curved plate, disposed within the opening of 
said spacer, said moving contact being con- 
nected to said first stationary contact, extend- 
ing across said second stationary contact; and 
a protrusion member formed on said second 
insulating layer of said electroluminescent 
device in engagement with a portion of said 
moving contact in alignment with said second 
stationary contact so that depressing said pro- 
trusion through said electroluminescent device 
makes contact between said first and second 
stationary contacts. 

11. An electroluminescent device comprising: 

an elastic transparent insulating substrate; 
a transparent electrode layer formed on a back 
surface of said elastic transparent insulating 
substrate; 

an electroluminescent layer formed on said 
transparent electrode layer; 
a first dielectric layer formed on said electrolu- 
minescent layer; 

a first back electrode layer formed on said first 
dielectric layer; 

a second dielectric layer formed on said first 
back electrode; 

a second back electrode layer formed on said 
second dielectric layer; 

an insulating layer formed on said second back 
electrode layer; and 

a voltage source circuit applying a first voltage 
having a given frequency across said first back 
electrode layer and said transparent electrode 
layer and a second voltage having the given 
frequency across said first back electrode layer 
and said second back electrode layer, the first 
voltage being 180° out of phase with the sec- 
ond voltage. 

12. An electroluminescent device as set forth in claim 
11, further comprising an insulating layer disposed 
at one of a first location between said transparent 
electrode layer and said electroluminescent layer, a 
second location between said electroluminescent 



an electroluminescent device including 30 

an elastic transparent insulating substrate, 
a transparent electrode layer formed on 
said elastic transparent insulating sub- 
strate, 35 
an electroluminescent layer formed on said 
transparent electrode layer, 
a first dielectric layer formed on said elec- 
troluminescent layer, 

a first back electrode layer formed on said 40 
first dielectric layer, 

a first insulating layer formed on said first 
back electrode layer, 

a second dielectric layer formed on said 
first insulating layer, 45 
a second back electrode layer formed on 
said second dielectric layer, 
a second insulating layer formed on said 
second back electrode layer, and 
a voltage source circuit applying a first volt- so 
age having a given frequency across said 
first back electrode layer and said trans- 
parent electrode layer and a second volt- 
age having the given frequency across 
said first back electrode layer and said sec- 55 
ond back electrode layer, the first voltage 
being 180° out of phase with the second 
voltage; 
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layer and said first dielectric layer, and a third loca- 
tion between said first dielectric layer and said first 
back electrode layer. 

13. A switch unit comprising: 

an electroluminescent device including 

an elastic transparent insulating substrate, 
a transparent electrode layer formed on a 
back surface of said elastic transparent 
insulating substrate, 

an electroluminescent layer formed on said 
transparent electrode layer, 
a first dielectric layer formed on said elec- 
troluminescent layer, 

a first back electrode layer formed on said 
first dielectric layer, 

a second dielectric layer formed on said 
first back electrode, 

a second back electrode layer formed on 
said second dielectric layer, 
an insulating layer formed on said second 
back electrode layer, and 
a voltage source circuit applying a first volt- 
age having a given frequency across said 
first back electrode layer and said trans- 
parent electrode layer and a second volt- 
age having the given frequency across 
said first back electrode layer and said sec- 
ond back electrode layer, the first voltage 
being 180° out of phase with the second 
voltage; 

an insulating substrate; 

a stationary contact disposed on said insulat- 
ing substrate; 

a moving contact disposed at a given interval 
away from said stationary contact on a lower 
surface of said second insulating layer opposite 
to an upper surface on which said second back 
electrode layer is formed; and 
a spacer disposed between said insulating 
layer of said electroluminescent device and 
said insulating substrate, said spacer having 
an opening to expose said moving contact to 
said stationary contact. 

14. A switch unit as set forth in claim 13, further com- 
prising a protrusion extending from the lower sur- 
face of said insulating layer toward said insulating 
substrate, said protrusion having disposed thereon 
said moving contact so as to face said stationary 
contact. 

15. A switch unit as set forth in claim 13, wherein said 
protrusion is formed with an insulating resin printed 
on the lower surface of said insulating layer. 



16. A switch unit as set forth in claim 13, wherein said 
protrusion is formed with a portion of said electrolu- 
minescent device recessed toward said insulating 
substrate. 

5 

17. A switch unit as set forth in claim 13, further com- 
prising a diaphragm spring made of a transparent 
resin, disposed over said elastic transparent insu- 
lating substrate of said electroluminescent device, 

10 said diaphragm spring being curved outward so as 
to deform by depression to make contact between 
said stationary contact and said moving contact. 

18. A switch unit comprising: 

15 

an electroluminescent device including 

an elastic transparent insulating substrate, 
a transparent electrode layer formed on a 
20 back surface of said elastic transparent 

insulating substrate, 

an electroluminescent layer formed on said 
transparent electrode layer, 
a first dielectric layer formed on said elec- 
ts troluminescent layer, 

a first back electrode layer formed on said 
first dielectric layer, 

a second dielectric layer formed on said 
first back electrode, 

30 a second back electrode layer formed on 

said second dielectric layer, 
an insulating layer formed on said second 
back electrode layer, and 
a voltage source circuit applying a first volt- 

35 age having a given frequency across said 

first back electrode layer and said trans- 
parent electrode layer and a second volt- 
age having the given frequency across 
said first back electrode layer and said sec- 

40 ond back electrode layer, the first voltage 

being 180° out of phase with the second 
voltage; 

an insulating substrate; 

45 a spacer disposed between said insulating 

layer and said insulating substrate, said spacer 
having an opening defined between said insu- 
lating layer and said insulating substrate; 
a first stationary contact disposed on said insu- 

50 lating substrate within the opening of said 

spacer; 

a second stationary contact disposed on said 
insulating substrate at a given interval away 
from said first stationary contact within the 
55 opening of said spacer; 

a moving contact made of a metallic flexible 
curved plate, disposed within the opening of 
said spacer, said moving contact being con- 
nected to said first stationary contact, extend- 
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ing across said second stationary contact; and 
a protrusion member formed on said insulating 
layer of said electroluminescent device in 
engagement with a portion of said moving con- 
tact in alignment with said second stationary 
contact so that depressing said protrusion 
through said electroluminescent device makes 
contact between said first and second station- 
ary contacts. 
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